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The possible existence of an exponentially large number of vacua in string theory behooves one to 
consider possibilities beyond our traditional notions of naturalness. Such an approach to electroweak 
physics was recently used in “Split Supersymmetry”, a model which shares some successes and cures 
some ills of traditional weak-scale supersymmetry by raising the masses of scalar superpartners 
significantly above a TeV. Here we suggest an extension - we raise, in addition to the scalars, the 
gaugino and higgsino masses to much higher scales. In addition to maintaining many of the successes 
of Split Supersymmetry - electroweak precision, flavor-changing neutral currents and CP violation, 
dimension-4 and 5 proton decay - the model also allows for natural Planck-scale supersymmetry 
breaking, solves the gluino-decay problem, and resolves the coincidence problem with respect to 
gaugino and Higgs masses. The lack of unification of couplings suggests a natural solution to possible 
problems from dimension-6 proton decay. While this model has no weak-scale dark matter candidate, 
a Peccei-Quinn axion or small black holes can be consistently incorporated in this framework. 


I. INTRODUCTION 

For a many years, our motivations for considering new 
physics at the weak scale have been strongly influenced 
by ideas of naturalness. The difficulty of maintaining 
light scalars in a theory with a high cutoff has led us 
to consider compositeness, supersymmetry, or pseudo- 
goldstone boson theories at the weak scale. 

Recently, it has been realized that the broad string 
landscape may have an exponentially large number of 
metastable vacua Qll With so many vacua, it is 
possible to appeal to Weinberg’s argument for a solution 
to the cosmological constant problem based upon a scan 
over many possible universes 0] ■ 

Of course, the presence of such a severe fine-tuning 
may involve scannings and associated tunings of other 
parameters. The case that this may impact our expecta¬ 
tions of the weak scale, and in particular supersymmetric 
theories was made by Arkani-Hamed and Dimopoulos j|j. 
In “Split Supersymmetry”, all but one scalar of the many 
of the minimal supersymmetric standard model (MSSM) 
are given very large masses. Of the two scalar superpart¬ 
ners of the Higgsinos, one linear combination remains 
light and then acquires a vacuum expectation value (vev) 
which breaks electroweak symmetry and gives masses to 
the weak gauge bosons. The fermion masses, which can 
be protected by symmetries, remain small. 

While flying in the face of naturalness, unification of 
gauge couplings 10 and weak scale dark matter - both 
often used to compel supersymmetry - are maintained. 
This makes it a phenomenologically appealing model, 
even if the notions of what constitutes a natural point 


in the string landscape are still being worked out (3*, 0 ]. 

It is exciting to consider modifications to this model. 
However, unlike traditional unwieldy model-building, in 
which additional fields are added and their phenomeno¬ 
logical consequences studied, here we remove fields and 
their associated phenomenological problems. This has 
already been proposed in a limited form in Q where the 
gauginos were decoupled from the weak scale in addi¬ 
tion to the scalars (alternatively, the higgsinos could be 
decoupled 0)- Here a dark matter candidate remains 
in the Higgsinos, but gauge coupling unification occurs 
at a low scale (10 14 GeV), which would typically induce 
unacceptable rates of proton decay. 


II. THE MODEL 

The next logical extension would be to decouple one 
Higgsino, in addition to the scalars and gauginos. Un¬ 
fortunately, due to anomalies, this is not possible, so we 
take the next simplest possibility, which is to decouple 
both Higgsinos. The low energy effective theory consists 
of SU( 3) x SU( 2) x [/(1) gauge fields and three genera¬ 
tions of quarks and leptons, as well as one scalar (whose 
mass is tuned to be light) which is responsible for elec¬ 
troweak symmetry breaking. The schematic of this model 
in comparison to traditional and Split SUSY is presented 
in figure 1. 
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physics) below the Planck scale. 

Corrections to electroweak observables are small, and 
are compatible with a Higgs boson lighter than 280 GeV 
E3 , which is still above the limits from collider searches. 

The absence of new colored states should make this 
model simple to distinguish from both SUSY and Split 
SUSY, although a challenge to distinguish from the 
model with Higgsinos, making the ILC essential. 

While the model predicts no weak scale dark matter 
(see figure 1), a Peccei-Quinn axion or dark matter in the 
form of small-mass black holes with their associated rich 
phenomenology mm could be accomodated naturally. 


FIG. 1: Mass scales in the MSSM, Split SUSY and Supersplit 

SUSY. IV. CONCLUSIONS 


The Lagrangian for this model is simply 

c = 

4 g\ M 4 g\ M 4 gl 

+ - mf)4>f + D^hD^h* -V{h) (1) 

where / indexes the various fermions, and D is the ap¬ 
propriate covariant derivative. 

III. PHENOMENOLOGY 

A few comments are immediately in order: first, be¬ 
cause the scalars, gauginos, and Higgsinos are decoupled 
we needn’t worry about flavor changing neutral currrents 
or EDMs. Because most states are decoupled to the 
Planck scale n baryon number violating interactions 
are suppressed at a safe level. 

Unification is predicted not to happen at 10 15 — 10 16 
GeV. Indeed, the absence of traditional gauge coupling 
unification in this model is a significant strength of it 
over most SUSY models. Such unification compels one to 
consider unified models which are often disastrous both 
from a phenomenological perspective, due to proton de¬ 
cay, and aesthetically, due to the numerous theoretical 
problems, such as the doublet-triplet splitting problem, 
light fermion masses, etc. Here, we are freed from these 
issues and the model is conceptually much simpler. 

Remarkably, however, our model is consistent with 
unification at the Planck scale\ Assuming a ratio 
Mgut/M pi anc k ~ 1/2, the three gauge couplings unify 
at the new GUT scale with up to 50% theoretical uncer¬ 
tainty coming from higher dimensional operators such as 

1 TrF^F^E _ (2) 

g 2 Mpi anck 

Thus the dream of gauge-gravity unification can be real¬ 
ized without resorting to extra dimensions (or other new 


We have presented what we believe to be the simplest 
known supersymmetric theory, consistent with available 
data. Indeed, it may be the simplest theory which agrees 
with the data, whether supersymmetric or not, at least in 
terms of the light field content. In future work, we plan 
to compare the phenomenological success of this model 
to all other models. 

Remarkably, it is only in the modern context of the 
landscape that we can appreciate such a finely tuned the¬ 
ory. It would have been rejected out of hand by tradi¬ 
tional effective field theorists only a decade ago. In the 
modern context, it is a strong competitor to other theo¬ 
ries of physics at the weak scale. 

An open question that remains is the origin of vac¬ 
uum selection on the landscape, an issue too great to 
discuss here. While the so-called “atomic principle” [Ijj 
has been used as part of an anthropic argument for fine 
tuning of the weak scale, a completely independent (and 
predictive) argument can be made without resorting to 
changes in weak-scale physics. Here however we make 
only a qualitative statement E3- One could argue that 
the existence of fine tuning in nature dramatically in¬ 
creases the time scale over which fundamental physical 
laws are discovered. Rapid discovery of fundamental laws 
necessarily advance the discovery of weapon-systems with 
a global impact. In such a universe without fine-tuning, 
theoretical physics may not be possible. 

Regardless, the future of physics will no doubt shed 
much light on these and other exciting questions. 

Note added: While this work was being completed, we 
became aware of EEU , a series of conference talks 
where a similar model was considered. While there are 
some similarities (specifically, field content and interac¬ 
tions), the philosophy is completely unrelated. 
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